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TO PKOVIDE State supervisors of science with the 
• opportunity to meet and discuss the various problems 
and responsiblities of their positions, the U.S. Office of 
Education sponsored a conference in Washington, D.C., 
during the week of June 25-29, 1962, on “Supervision for 
Quality Education in Science.” 

There were four primary objectives for the conference : 

1. To review the latest developments in science im- 
portant to education. 

2. To explore new emphases in selected special fields 
of science teaching. 

3. To exchange ideas related to new programs. 

4. To develop guidelines for leadership, in supervision 
of science. 

The planning committee for the conference was com- 
prised of the following personnel from the Office: J. Dan 
Hull, Ellsworth S. Oboum, Paul E. Blackwood, Bichard 
M. Harbeck, Lloyd K., Johnson, Margaret J. McKibben, 
Albert Piltz, and A. Ne^l Shedd. 

This report has been prepared from materials presented 
at the conference. 

J. Dan Hum. Brio K. Baber 

Director^ Assistant Conmiissioner, 

Instructional P rograms Division o f Elementary a/nd 

Branch Secondary Ed/ucaMon 
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Quality of Education 



Bowen C. Dees 

1. The quality of education in our best schools and colleges is high 
by any standard. Our outstanding graduate schools are probably the 
world’s best. 

2. Automation in commerce, industry, and Government will bring 
with it requirements for workers who have had more education of 
higher quality. 

3. In striving to achieve higher quality, our schools will need to assess 
and reasfiss continuously the relative emphasis they give to the 
various components of their multiple task. 

4. The most important element in any school is the quality of the 
teaching. 

5. Research designed to lead to a further understanding of how chil- 
dren learn has unfortunately not been pushed as hard as it might and 
should hs^gje been. 

6. All elements of our organized society can and should contribute 
to the massive task we face in trying to reach the American goal of 
equal and full educational opportunity for all. 



Science and Education Today 



M. H. Trytten 

1. Science and technology have developed in four eras : 

♦ the era of “sporadic discovery” prior to the l7th century ; 

♦ the era of the enlightenment, signalized by Bacon, Newton, 

Leibnitz, and Galileo; 

♦ the era of practical applications of science ; and 

4 the era of Government interest in the acceleration of science. 

2. There is an increasing national need for greater numbers of scien- 
tific and engineering personnel. 
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SUPERVISION FOR QUALITY EDUCATION IN SCIENCE 

3. Our present rtite of tr&ining in scientific and engineering areas is 
inadequate to meet the growing need. 

4. Probably first among all the goals for science teaching is that of 
science for the citizen. 

5. Among our greatest unused potentials for scientific personnel are 
- women and graduates of small high schools. 



Implications for Science Education 



J. Darrell Barnard 

1. Constnictipn of a sound science curriculum is dependent upon the 
development of meaningful objectives for science education. 

2. A good science program results in an understanding of both the 
concepts and the processes of science. 

3. It is imperative that science education provide citizen graduates 
with both the motivation and the skills to continue their intellectual 
development. 

4. Science improvement projects have recently made worthy break- 
throughs in the field of science education, but three areas of concern 
should be noted: their exclusive commitment to basic science, the ex- 
tent to which they are adapl;able to all students, and how they can be 
incorporated into a K to 12 sequence. 



. Earth Science in the Curricuium 



Robert C. Stephenson 

1. The study of earth science is now increasing throughout tlie Nation. 

2. The earth sciences contribute greatly to the understanding of man’s 
physical and biological environments. 

3. Earth science subject matter can be introduced into the science 
program at all grade levels. 

4. Teaching resources for the earth sciences are at present widely 
scattered. 

5. Teacher training is probably the greate.st problem facing the 
successful adoption of earth science into the science program. 



HIGHLIGHTS OF THE PAPERS 



5 



Materials for Teaching Earth Science 

Donald B. Stone 

L Aids for teaching earth science include samples of rocks and 
minerals, special maps, geologic models and weather equipment, as 
well as equipment usually found in any science department. 

2. A course in earth science offers values from both practical and 
cultural points of view. 



Revolution in Biology 

H. Bentley Glass 



1. Our fund of biological knowledge is increasing exponentially. 

2. Current biology textbooks represent, for the most part, the 
biological knowledge of 30 years ago. 

3. Our educational system is poorly organized to cope with the trans- 
mission of exponentially increasing knowledge. A thorough revision 
of the program of science teaching at all levels seems necessary. 

4. Our main objective in science education is to learn and to teach 
the nature of science. 



Newer Resources for Improving Instruction in Biology 



Paul Klinge 

1. Biological research breakthroughs have affected the teaching of 
biology m three ways: {a) less observation and more experimenta- 
tion; (&>. change in proportionate emphasis; and {c) increased need 
for understanding of chemistry and physics. 

2. Certification patterns for biology teachers have been steadily chang- 
ing throughout the countiy. 

3. The Biological Sciences Curriculum Study is a most important re- 
source for the improvement of instruction. 

4. Other aids to the biology teacher include : reading resources, supply 
company aids, audiovisual aids, television, methodology textbooks, 
career pamphlets, professional societies, curriculum guides, and stu- 
dent programs. 
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5. Some of our most immediate needs are : 

♦ To revise the preservice training of biology teachers; 

♦ To increase the support given to biology teaching bv various 

foundations; 

♦ To increase the interests professional organizations have in 

biology teaching; 

♦ To increase industry’s support of biological science programs; 

and 

♦ To ^it biology courses so as to teach the most important 

things. 



Generalized Values of High School Chemistiy 



ZaboJ V. Harvalik 

Science and technology have important roles in the modem 
world. High school chemistry has the responsibility of preparing 
students for this world by transmitting to them such values sis the 
processes of thinking, observing, and transferring. 



Newer Resources for Improving Instruction in Chemistry 



Robert L. Silber 

1. Curriculum content studies (such as the Chemical Bond J^pproach 
Project and Chemical Education Materials Study) are having a major 
influence on the high school chemistry course. 

2. Sources of. information and aids for the chemistry teacher include 
prof^sional journals, industrial films, paperback books; science kits, 
television, and programed instruction. 

3. Attention to the high school chemistry laboratory is increasing. 

4. The rapidly increasing frontiers of chemistry require that the chem- 
istry teacher use every means available to keep his knowledge up to 
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Introducing Newer Concepts of Physics 

Hermsn R. Branson 

1. Training the student to repeat the classical laws of physics is 
inadequate preparation for an understanding of modem research 
in physics. An analysis of some early experiment, traced through 
to contemporary application, is more likely to be fruitful. 

2. An understanding of recent developments in physics depends also 
upon an understanding of tecluiiques, such as the production of 
vacuums, charged particles, and magnetic fields. 

3. A basic goal of physics is the representation of all physical phe- 
nomena in a consistent schema with a minimum of concepts, hypoth- 
eses, principles, and laws. 



Newer Resources for Improving Instruction in Physics 

Ralph W.Lefler 

1. The Physics Curriculum of the Physical Science Study Com- 
mittee is an outgrowth of the rebellion of students and teachers to 
the stultifying effects of earlier forms of physics instmction. 

2. The American Institute of Physics and the American Association 
of Physics Teachers are providing a wide variety of publications 
designed to improve the quality of physics instmction. 

3. Projects sponsored by the AAPT and the AIP include the 
Regional Counselor Program, the Visiting Scientists Program in 
Physics, and a high school awards program. 

4. Future curriculum programs in physics will — 

♦ Stress pure science as opposed to technology. 

♦ Emphasize laboratory work. 

♦ Demand more of both teachers and students. 

♦ Be based on continuing school-college cooperation. 
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Emerging Problems of Supervision in Science 



John H. Woodbum 

1. Too often the student brings to class the attitudes fostered by 
public criticisms of education, rather than the constructive attitudes 
educators should be developing in them. 

2. Material inadequacies (buildings, equipment, supplies) add to the 
problem of good science teaching. 

3. Science may well be taught as is art, with an emphasis on human 
endeavor and a close look at the environment which produces this 
endeavor. 

4. There are many possible approaches to curriculum construction 
in science education. The most productive of these involves the 
student directly with science and its methods, rather than merely 
its external structure of facts and principles. 

6. New knowledge is coming too fast for the teacher to be able to 
keep up with all of it. The excitement and spirit of science, how- 
ever, remain constant, and it is these we must give to the student. 



Emerging Curriculum Studies in Elementary and Junior High School Science 

Philip 6. Johnson 



1. Much of what is emerging in curriculum studies today actually 
began several centuries ago. 

2. The nature of our present curriculum materials for elementary 
and junior high school science must be recognized when plans are 
made for program improvement. 

_3. Newer studies include those of the Science Manpower Project, the 
Univeristy of California Project, the University of Illinois Project, 
the Educational Services Incorporated Project, and the American 
Association for the Advancement of Science Studies. 

4. Currently emerging studies indicate the following changes can be 
expected in future elementary and junior high school science 
programs : 

♦ Less subject matter to be covered. 

♦ Attention to many relatively unstructured methods of inquiry. 

♦ The use of more references. 

♦ Greater emphasis on how to create knowledge. 
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♦ Development of greater skills of inquiry. 

♦ Attention to concepts as they arise in the process of testing 

hypotheses. - 

4 More and more, stress on quantitative measurement. 

4 Orientation of science education as basic education for all 
students. 

4 Increased attention to the experimental nature of science. 

4 Recognition of more fundamental frames of reference than 
topics. 

4 Emphasis on science rather than technology. 

4 Development of more thorough application of mathematics 
to science. 



New Programs in Science Youth Activities 

A.NealShedd 

1. In addition to formal classroom instruction, a program of class- 
related activities is needed to stimulate an interest in the student 
to whom science is new and to satisfy the student who has developed 
a deep interest and competency in scienw. 

2. The TJ.S. Office of Education has devoted much time and effort 
to stimulating the growth of science clubs as an integral part of 
the secondary school program. 



Reports From Four States 

1. Recent science education programs in Florida include: 

(а) the Physical Science Study Committee course (PSSC) ; 

(б) the U.S. Office of Education Program Science Teachmg — 
Exploring for Excellence — Program Steps (STEPS) in the 
Chipola Area; and 

(c) Institutes for the improvement of the junior high school 
science program. 

2. Georgia has instituted a traveling science teacher program to 
provide State leadership for inservice training and work in class- 
room situations. 



C. 
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3. Inservice science workshop programs, especially at the elementary 
school level, have formed a major part of the science education pro- 
gram in Missouri. A second important development is the organiza- 
tion of evaluative workshops for a K to 12 science program. 

4. Pennsylvania’s science education program has placed primary em- 
phasis on the development of a sequential curriculum, as illustrated 
by the Science in Action publication series. 
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I. Education in an Age of Science 

Quality of Education 

Bowen C. Dees 

Aasistcmt Director for ScientifiG Persorvnel cmd Edmiation 
NationcH Science Fomdation 

■ RECENTLY HEARD a distinguished international civil servant 
(not jtn American) say that the people of this country are not suf- 
ficiently arrogant; in part, at least, he was saying that we do not 
recognize the high overall quality of our educational system and its 
“product.” Not long ago a well-known Swedish expert on education 
commented in my presence that he found it difficult to understand 
why Americans are so masochistic in their criticism of the U.S. school 
system. 

I believe Henry Steele Commager was correct when he said : “No 
other people ever demanded so much of education as have the Ameri- 
can ; none other was ever served so well by its schools and educators.” 
Some Americans have been impressed in recent years with the rate 
at which the Russians are forging ahead in educational areas that 
seem to be of importance to the cold war effort, and they have there- 
fore raised serious questions concerning the adequacy of the American 
way of handling educational problems. 

TVTiy are we so critical of our educational system? Are we not in 
fact justified in being proud of it? Should we revise it after the 
pattern of the British or the French or the German or the Russian 
systems? 

In my view we are clearly ahead of the other countries of the 
world in education. Having said this, however, it is important to 
say at once that there are some components of other systems that are 
probably superior to the corresponding components of our system. 

The American people are without doubt committed to an educa- 
tional ideal unexcelled elsewhere in the world. We are critical of our 
achievements in education, as in many other areas of national concern, 
precisely because we know that our educational ideals have still not 
been fully achieved. We believe in equal educational opportunity for 
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EDUCATION IN AN AGE. OP SCIENCE 13 

every boy and girl, but we know that we still are far from realizing 
this goal in all respects. We argue that no one should be forced to 
leave school because of economic considerations, but we know that 
many students still do. We would like all of our States and communi- 
ties to have equal— and this means equally good— public schools,, but 
we know that the quality of our schools varies from State to State, 
from county to county, and even within the same community. 

The quality of education in our best schools and colleges is high 
by any standard. Our outstanding graduate schools are probably 
the world’s best. Moreover, we can afford to be proud of the accomp- 
lishments of our educational system in its quantitative aspects. Ed- 
ucational opportunities are available to all of our young people through 
at least the high school level. These days more than three-fourths 
of our boys and girls 14 through 17 years of age are in school. The 
millions of students we have provided for at the college level repre- 
sents an increasingly important extension of the American goal of 
providing maximum educational opportunity for all. 

All things considered, therefore, we as Americans can justifiably 
be proud of our educational ideals and our accomplishments to date. 
But we should and do realize the degree to which these accomplish- 
ments still fall short of our aspirations. We could not afford to be 
arrogant on this score — even if the American temperament permitted 
such an attitude. Neither should we be masochistic, however, in our 
analysis of what is wrong with our educational effort. As we contem- 
plate the awesome mass of human knowledge, the problems that face 
us in attempting to find better ways of passing on to later generations 
this accumulated knowledg;e should make us both humble and 
determined. 

The gaps that separate our goals and our accomplishments in ed- 
ucation are several. I have mentioned our large college enrollments, 
and the numbers are impressive. But we know that many students 
of high ability never get to college — and this represents both a major 
national loss and an unfortunate deprivation for the individuals in- 
volved. New ways of coping with this problem have been found 
i! 3 cently and others are under study ; I am confident that this problem 
will become less acute if we persist in our efforts to assure equal op- 
portunity for all. 

Shifting patterns in our population constantly dictate changes in 
our educational activities. For example, the total number of young 
people 14 through 17 years old dropped more than a million in the 
decade from 1940 to 1950, but is new at an alltime high. In the period 
from 1940 to 1952 the number of 18-year-olds in our country fell from 
2.5 to 2.1 million. For the past 10 years, the number reaching 18 each 
year has risen sharply — and 3.8 million young people will reach col- 
lege-going age in 1965; by 1975 we will have 4.2 million in this age 
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group — almost exactly twice as many young people of age 18 as we 
had in 1^52. 

The iinplications of these numbers are important in considering 
the quality of education. We can be sure that our high school en- 
rollments will continue to rise. An increasing fraction of each age 
group will probably enter college. We will therefore have no diffi- 
culty finding students to teach. The problem, rather, will be one of 
maintaining and improving the quality of their education. To find 
sufficient funds to expand our school facilities to provide room for 
these larger numbers will be an enormous task in itself. But we must 
simultaneously and with equal emphasis seek the resources which will 
assure qualitative as well as quantitative growth in the Nation’s ed- 
ucational enterprise. 

There are so many reasons why we should improve the quality of 
education in the United States that it perhaps seems pointless to com- 
ment on this matter. I do want to underscore one such reason, none- 
theless. At the same time that we see unprecedented numbers of 
youngsters moving toward our schools and colleges, we find that all 
the evidence points to two characteristics of American life with which 
we have not had to cope in past decades. Automation in commerce, 
industry, and Government will bring with it requirements for work- 
ers who have had more education, while at the same time unskilled 
labor will become less and less necessary. More education — of higher 
quality — ^will be essential under these new circumstances. An an- 
cillary development which we frequently overlook is the likelihood 
that these new circumstances will lead to a shorter workweek for 
millions of Americans. The creation, in effect, of a large-scale 
“leisure class” — individuals who spend no more than one-quarter of 
their waking hours at work — will place new strains on our culture 
if we do not provide these individuals a kind of education which will 
enable them to utilize their leisure time more meaningfully. 

This is not a matter we can postpone, because many of the students 
in our elementary and high schools today will, long before their work- 
iiig years are over, face this issue of finding significant ways of using 
their leisure time. I am convinced that our soundest way of ap- 
proaching this difficult matter is to assure all our students a basic 
grounding in the humanistic studies. Those who have come to enjoy 
literary and artistic masterpieces will have no difficulty in finding ways 
of employing all the leisure they may have — and at the same time will 
find their lives more rewarding and significant. 

It is difficult to define the word “quality” in any context. Its use 
almost always involves value judgments which are by no means uni- 
formly accepted. In the educational domain, where almost everyone 
considers himself to be an expert, it is particularly difficult to find 
words which satisfactorily describe education of high quality. I 
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have neither the wisdom to do so nor the temerity to try. What I 
propose to do, instead, is to give some points of view that I believe 
are related to the problem of improving the quality of American edu- 
cation, explicitly at the elementary and secondaiy school levels. 

American schools have been expected to provide a wide variety of 
educational services. It is pointless to speculate on whether our sec- 
ondary schools could do a better job if they were to be transformed 
into single-purpose institutions, focusing exclusively, let us say, on 
the task of preparing students for college. Our high schools will 
without doubt continue to accept these broad responsibilities, and it 
is my conviction that they should. 

In their striving to achieve higher quality, therefore, our schools 
will need to assess and reassess at all times the relative emphasis they 
give to the various components of their multiple task. Too much 
emphasis on any one component can lead to weakening others. So 
long as resources are limited (a situation I fear we will continue to 
face indefinitely), it will be necessary to consider with care whether 
available funds are to be spent, for example, in improving the equip- 
ment for teaching home economics or the equipment for teaching 
physics. In planning a new school building, one should give due at- 
tention to providing adequate library space as contrasted, say, with 
providing a larger gymnasium. Such decisions as these frequently 
involve considerations of a complex nature, and community pressures 
sometimes push in the direction of choices which are not compatible 
with a balanced educational effort. If we are to achieve higher quality 
in our education, however, school leadership at all levels must plan 
wisely and then must find ways of convincing others that the plans 
thus developed are the ones which will enhance most fully the school'^s 
effectiveness. 

The most important element in any school is the quality of the teach- 
ing. It is axiomatic that the salary and the status of teachers are 
factors that are intimately related to the level of teaching competence 
in a given school or school system. Efforts are being made to provide 
adequate salaries for teachers, and these efforts are slowly having 
some effect. Much remains to be done on this score, however, and 
particular attention should be given the problem of reducing the un- 
reasonably large geographical differentials in teachers’ salaries. 

Many of our school buildings have long since outlived their use- 
fulness. By any modem standard they are obsolete and need to be 
replaced with more adequate facilities. Even so, we have too few 
schoolrooms. So long as these conditions persist, the quality of our 
education will remain lower than it should. On this point, particular 
attention must be given to the situation which exists in our great 
cities. The rapidity of growth of our urban centers of population 
has led to enrollment increases which in many cases have exceeded 
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thfe rate at which the cities could provide adequate school facilities. 
As a result, thousands of children are being educationally short- 
changed in that they are being provided only a half day of schooling, 
or are being taught in antiquated buildings — or both. 

The fact that we have in our schools many thousands of dedicated, 
well-prepared teachers is well known to all of you. At the same time, 
however, I am sure you would agree that there are many conscientious 
and hard-working teachers at all grade levels who desperately need 
and want better training in the subjects they are teaching. Some of 
these are teachers whose initial preparation was reasonably good, but 
who now need to be given the opportunity of “catching up” with 
progress in scholarship in their various fields. Others badly need 
basic training to deepen their understanding of the fields they teach. 
Those of us who are particularly interested in science like to point 
out that the rapid rate at which progress is being made in our area 
of concern makes refresher training especially important for teachers 
of science. However, as scholarship in other fields broadens these 
areas of knowledge — or improves the techniques of imparting knowl- 
edge — it is also important for teachers of these subjects to keep abreast 
of such changes. 

Interest in this problem of revitalizing inservice training has led to 
the development of a variety of programs specifically designed to im- 
prove the subject-matter compef^ence of teachers. The National 
Science Foundation’s teacher-training programs are well known. 
Comparable programs for teachers of modern foreign languages and 
for school personnel concerned with guidance and counseling are 
being carried forward by the Office of Education. Although more 
needs to be done in these fields where activities are already proving 
highly significant, it is equally urgent that we find ways of broadening 
these efforts so that teachers in other fields can be provided similar 
opportunities for self-improvement. 

Even in those cases where buildings are reasonably adequate and 
where the teachers have been carefully selected, however, there are 
still many problems which need to be solved. One of the most im- 
portant of these arises from the need for updating courses and cur- 
riculums and utilizing in fuller measure the aids to instraction which 
now exist or can be produced. 

In the early days of this century, the tools available in almost any 
blacksmith’s shop would suffice to repair the latest model horseless 
carriage. Today, the tools required to service a modem automobile 
are highly specialized and technologically sophisticated. Of neces- 
sity, the mechanic’s tools have kept pace with the increased engineer- 
ing complexity of the products of Detroit. 

Unfortunately, the rate of growth of research and development 
in education has not kept pace with similar activities in other areas of 
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importance to the Nation’s progress. Educational research has re- 
ceived far too little attention, and the funds available to support 
significant research in this domain have been trivial in comparison 
with the magnitude of the problems we should be attempting to solve. 
Those who have specialized in educational research have made sig- 
nificant contributions under difficult circumstances, and we all owe 
them a special debt because of our failure to realize the importance of 
their efforts. 

•Research designed to lead to a further understanding of how chil- 
dren learn has unfortunately not been pushed as hard as it might and 
should have been. This is an area which should be developed much 
more fully, and as rapidly as well-qualified investigators can be per- 
suaded to undertake such research. Our present knowledge of the 
ways in which children learn is much too limited to provide adequate 
guidance in the development of new teaching materials and new 
techniques of instruction. 

It will require years of further study to develop our understanding 
of the learning process to the point where the results will lead us 
directly and with assurance to better ways of ordering and presenting 
subject matter in the classroom. In the meantime, we can improve 
the quality of education through carefully designed empirical experi- 
ments. The importance of such efforts has already been demonstrated 
in modem foreign languages, in mathematics, and in science. In 
each of these areas, highly competent scholars — working intimately 
with teachers — ^have developed new instructional materials which have 
already been shown to be far superior to the materials they are begin- 
ning to replace. Project English — an effort designed to produce im- 
proved instnictional materials for the teaching of our own language — 
has just been launched by the Office of Education. Thus far, however, 
we have only made a start toward the goal of placing in the hands of 
our teachers — in all fields — the kinds of instructional tools they need 
to raise the quality of education to the level that can be achieved. 

Recently I had the privilege of attending the final sessions of a 
2-week working conference at which a group of teachers and scholars 
from a wide range of disciplines considered in depth the possibility 
of devising new instructional materials of various kinds for the 
humanities and the social studies. The outcome of this group’s work 
cannot be summarized in a few words, but it is fair to say that they 
emerged from thrdr extended discussions with the conviction that much 
needs doing and that much can be done to improve the quality of pre- 
university instruction in th'fese areas, through the production of new 
materials for classroom use. ISfiany of the university representatives 
indicated not only a willingness but also a desire to help in the 
development of such materials. 
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Similar conferences have been held elsewhere and will occur with in- 
creasing frequency as those who have participated in some of the 
earlier discussions succeed in infecting their colleagues with the idea 
that cooperative efforts in these directions can have a major impact 
on the quality of American education. I am confident that such dis- 
cussions will lead to productive effort, and that these efforts— extend- 
ing across all fields of study and touching all grade levels— will 
introduce a new spirit of constructive fefment into our schools. 

You have heard a great deal about the work that has been or is 
being done to improve the materials available for the teaching of 
smence. The National Science Foundation is vitally interested in these 
efforts, and hopes that it will be possible to continue providing support 
for such activities. I am sure that you join with us in hoping that 
parallel efforts m the other fields of study can be rapidly expanded. 

aye said very little about the importance of science and mathe- 
matics in assuring educational quality. It would be presumptuous of 
me to assume that I could provide any new insights on this matter. I 
do want to say, however, that science is a particularly good example 
of the point I made earlier concerning the importance of stressing 
quality of instruction as contrasted with the problem of securing more 
students. In the latest year for which I have statistics, the school 
year 1958-59, 4.67 million of our high school students studied science. 
Perhaps a good many of the students of that year who were not study- 
ing any science (some 40 percent of the total) should have been 
counseled or required to do so. But the fact is that close to 5 million 
students were enrolled in science courses— courses which in many 
cases^ were taught by conscientious but ill-trained teachers, using poor 
facilities and materials which were far from adequate to convey fully 
and clearly an understanding of the subjects being taught. The num- 
ber of students in our high school science courses continues to grow, 
and we must therefore continue our efforts — already moderately siic- 
cessful— to improve the subject matter competence of our teachers 
and to provide instructional materials of high quality. 

Educational quality cannot be increased overnight. Efforts along 
many lines are required. The problems are complex and interlocking 
mse problems are not insuperable, however Some of them cfn 
be solved with relative ease, if sufficient funds can be devoted to their 
^lution. l‘he obvious example here is the problem of school buildings. 
Others cannot be solved with money alone, because they require con- 
tributions of time and effort by teams of outstanding scholars and 

teachers. Course and curriculum revision projects fall in this 
category. 

All elements of our organized society can and should contribute 
to the masave task we face in trying to reach the American goal of 
equal and full educational opportunity for all. Private citizens and 
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professioiml societies, school boards and industrial groups, chambers 
of commerce and labor unions— all can and must contribute in various 
ways to the discussions and the efforts that are needed. 

I have no doubt that local control of education is firmly and perma- 
nently embedded in our American tradition. One result is, however, 
diversity of quality. We have in recent years recognized the fact that 
the problem of improving the quality of education throughout the 
United States is one which deserves national attention and appropriate 
kinds of Federal support. 

Federal funds are already helping to improve the quality of educa- 
tion. But Federal support for educational improvement will not and 
should not be viewed as the answer to our problems. Increased ef- 
forts on the part of local and State governments are and will continue 
to be essential. 

“Quality of education” is a phrase we might well use with increas- 
ing frequency, as a way of reminding ourselves both of the great 
strengths of American education and of the faults and weaknesses 
we see in it because of our passion for progress and improvement. I 
predict that our children — and indeed our great-great-grandchildren— 
will in their adult years find themselves unsatisfied with their schools, 
and will continue to search for ways of improving their quality. If 
our efforts to make our schools better are continued, and if my predic- 
tion concerning our descendants is in fact fulfilled, education in 
America will become and remain the world’s standard of quality. 






Science and Education Today 

M. H. Tiytten 

Director^ Office of Scientific Personml^ National Academy of Sciencea- 

N atwTud Research Oonmcil 

WE LIVE in a highly permissive society. Each person may choose 
■ ■ his interests, his vocation, and his preparation via a choice of 
curriculums. We have more or less tacitly assumed that, when all 
these choices have been made, the sum total will be optimum for the 
needs of society and the Nation. We may have to inquire whether 
in fact this can be true, and, if not, what can be done about it. And 
indeed, we are doing so, as the National Defense Education Act and 
other programs athjst* 

One thing we can do is to strengthen science education to meet at 
least our pressing neec!. We are facing in our country great responsi- 
bilities in science education, not only to meet the demands of new 
programs to which the Federal Government is committed but also to 
meet other demands which appear to be growing apace, as well as to 
develop meaningful science education for the citizens of our country 
who will be living in an environment more and more affected by tech- 
nology and more closely related to it. This challenge will be felt 
increasingly as time goes on all the way from graduate school, at one 
end of the scale, down through the colleges and the secondary schools 
and the elementary schools. 

Perhaps it might be worthwhile to recapitulate a few facts about the 
development of science as an integral part of our culture, with special 
reference to more recent developments, as a background for some of 
the things I should like to dwell upon. 



Development of Science 



First, let me state that I find it convenient to think of the develop- 
ment of science and technology in four eras. The first of these may be 
thought of as the “era of sporadic discovery.” This would cover 
the time up to the l7th century and the advent of the Enlightenment. 
In this era while notable advances were made at a number of times 
20 
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and places, they were in a sense disjointed and led to no systematic 
growth of what might be called a scientific structure. 

The second era is signalized by the enormous accompli^ments of 
such pei*sons as Bacon, Newton, Leibnitz, and Galileo. As a result 
of their work, for the first time a structure of science began to develop. 
It was the work of the next two centuries to add to this structure, to 
fill it out as a result of both theoretical and experimental work, and 
thus to lay the groundwork and create a discipline of science. To a 
large extent, especially toward the end of this era, science had become 
a function of the universities. Its motivating drive, however, was 
primarily intellectual, as an outgrowth of curiosity and a desire to 
understand the workings of nature. 

This third era begins with the application of science to practical 
affairs. In some respects it may be thought of as an older movement, 
sine 3 practical uses of technology occur even in antiquity, but as a 
significant affair its momentum began to be appreciable in the middle 
of the 19th century with the beginnings of technological industry such 
as transportation, communications, power industry, and the chemical 
industry. A later and highly important phenomenon in the techno- 
logical industry was the establishment of the industrial research 
laboratory. 

The importance of this development in the last six or eight decades 
is probably underemphasized in the context of the development of 
science and technology. It was with the establishment of the indus- 
trial laboratory that deliberate and organized efforts to add to our 
scientific knowledge, to seek out in a systematic way the applications 
of science to the practical uses of man, and to create a methodology 
for the purposes were made. Science moved out of the universities 
into the realm of commerce and industry as a sole locus of scientific 
development. The resulting acceleration of scientific development 
added to rather than subtracted from the role and effectiveness of the 
universities. The universities were under more pressure to train 
scientists, and the flow of scientific knowledge and instrumentation 
from the industrial laboratories aided science in the universities. 

It is to be noted here that to the intellectual drive was added the 
profit motive, such that two forces led to the accelerated exploration 
of science and the exploitation of its findings. The profit motive, 
besides being the additional drive, was also the limiting factor, in 
that technological development was limited by the possibility of 
profitable practical application. 

The fourth era is, by and large, dated from World War II. It was 
at this time that the interest of the Federal Government was added 
as an almost dominant factor in the acceleration of science. Because 
of the mutual interest involved. Federal expenditures for scientific 
research and development increased enCiJinously. They have since 
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continued to increase as every new area of national interest began 
to develop in which research and development promised results signifi- 
cant to the challenges facing the Federal Government. Consequently, 
we have had enormous increases over the last decade and a half in the 
budgets of the Armed Forces, the Atomic Energy Commission, the 
National Institutes of Health, the National Aeronautics and Space 
Administration, and the National Science Foundation. 

A recent release of the National Science Foundation shows that 
research and development expenditures have increased in the United 
States just in the last 8 years from about $5 billion a year to over $14 
billion a year. This may be compared to the period immediately 
preceding the war when expenditures were measured in the tens of 
millions of dollars. It is to be noted here that the limiting conditions 
as distinct from the other eras are only decisions on the part of Federal 
agencies and the Congress as to what is in the national interest. 

A third force has been added beyond that of intellectual curiosity 
and the profit motive — ^that of the national interest. 

Scientific and Engineering Manpower 

Much effort has been given over the past few years in attempting 
to reduce to some quantitative basis the supply-demand equation 
related to scientific and engineering manpower. None of these efforts 
has been wholly satisfactory. Our society is one of high permissive- 
ness and loose organization, characterized by a free economy and an 
aversion to controls. Consequently, practices differ over the many 
units in our society. There are differences in nomenclature, organiza- 
tion, function, and standards which almost seem to defy analysis and 
the synthesis into a meaningful matrix of all the factors and consider- 
ations needed for a reliable measure of either supply or demand. 
Nevertheless over the years some progress has been made. One such 
comprehensive study has been made by the Bureau of Labor 
Statistics for the National Science Foundation. (NSF publication 
No. 61—65, LoTig-Ra/nge Demand for Scientifi^i and Technical Per- 
aormel.) It is useful as one step forward in visualizing trends over 
the next decade. 

The findings indicate an increase of scientific and engineering em- 
ployment averaging over an 11-year period about 85,000 per year. To 
this must be added about 21,000 per year for replacements due to death 
and retirement. The losses caused by migration into other lines of 
work, into management, into entrepreneurial functions, and into pub- 
lic and other services are certain to occur but are more difficult to 
measure or estimate. 
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In the field of engineering alone, needs for new personnel are indi- 
cated at a level of about 81,000 per year. In the sciences the needs for 
new personnel are estimated in this report at about 25,000 per year. 

On the supply side in engineering, the report notes that something 
less than one-fourth of the engineers in our economy do not have 
college degrees but enter the profession from other fields, from less 
than college degree training experiences or from other sources, leaving 
some 62,000 per year to be procured from the engineering colleges. It 
should also be noted that about one out of seven engineers does not 
even enter the profession. Thus the Bureau of Labor Statistics 
report indicates a need of something like 70,000 engineers per year 
from the engineering colleges. About 45,000 have now been grad- 
uated, including those with master’s and doctor’s degrees: 

In the sciences the balance between supply and demand seems 
closer. However, the report is less satisfactory, since it was not pos- 
sible at the time it was in preparation to reflect the substantial new 
demands that the future promises in view of the activities of the space 
exploration programs, the health programs of the National Institutes 
of Health, the possible demands for the export of talent abroad, and 
other accelerating programs in which the national interest is involved. 
These demands are now looming greatly on the horizon. As on© 
example, there is the case of the preview of the programs of the NIH, 
as stated in hearings before the Subcommittee on Appropriations of 
the House of Representatives. The report of these hearings indicates 
that a probable budget of the NIH over the next 8 years will rise to 
approximately $3 billion per year in 1970. It is estimated that such 
programs will require new personnel and personnel to replace those 
moving out due to death and retirement, or a total of about 45,000 
additional persons in the next 8 years. At the doctoral level alone, 
this will mean new personnel at an average rat© of about 2,800 per 
year. Since , the personnel needed will be predominantly in the bio- 
logical and basic medical sciences, it may be noted that in 1960 Ameri- 
can universities graduated fewer than 1,800 yearly at the doctoral 
level. 

Estimates can similarly be made of the personnel needs resulting 
from increased activities of the National Aeronautics and Space Ad- 
ministration. While the probable budget figures for the NASA may 
move to the level of $5 billion per year in the next 3 or 4 years, the 
estimate of what this will entail with respect to the need for additional 
personnel trained to the doctorate level is less easily understood. 
However, conservative estimates would seem to indicate the need for 
at least 1,000 additional persons at the doctoral level in the relevant 
sciences. There are, however, other areas in which the need for per- 
sonnel also seems to be definitely on the upgrade, although the numbers 
will not be as large. Much may be made, for example, of the field of 
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oceanography, which has now been recognized as an area in which the 
Federal Government has a substantial interest. It is quite likely that 
Federal subvention in this area will increase rapidly over the next 
few years as the United States becomes more and more dependent on 
the oceans for defense and as an ultimate source of raw materials. 

Recently there has been a recognition of the fact that problems of 
environmental health due to the rapid growth of technology are becom- 
ing of considerable concern to the Nation as a whole, and specifically 
to the National Institutes of Health. Serious study has:been given to 
this over the last few months, and it seems likely that rapidly stepped 
up Federal activity will be called for with the establishment of a 
possible national institute of environmental health and that a sub- 
stantial increase in numbers of people trained in this area will be 
required. 

Another area related to technology probably should be mentioned. 
It has become apparent lately that the growth of the power of tech- 
nolop^ has now come to the point where substantial social and eco- 
nomic problems are being created by technological developments. 
For the solution of these problems people will be required who, on the 
one hand, have an understanding of the technology involved, the tech- 
nology of quantitative research and research design, but who also have 
a sufficient background in the behavioral sciences involved. 

Finally , much should be made of the fact that in the future the role 
of the Government in foreign assistance, including education, espe- 
cially in the scientific and technical areas and in the development of 
science and technology itself, will undoubtedly increase and probably 
increase rapidly. Consequently, the export of talent may bo expected 
to be a factor to be reckoned with in the future. 



Rate of Training for Science 

What then of our rate of training? You are probably all aware of 
the fact that so far from being an increase, there is an apparent de- 
cline. in engineering enrollment. The enrollment percentages in engi- 
neering at the freshman level have declined from the historic level of 
approximately 9 percent of entering freshmen to something now more 
closely approximating 6 percent. In actual numbers the decline has 
been moderate, but nevertheless a definite decline. 

At the level of the doctorate in sciences and engineering, historically 
in our country there has been over a number of decades a steady in- 
crease in training to the doctorate, approximately a 7-percent increase 
per year. However, during a part of the decade of the 1950’s, in 
some fields the rate of increase was less than this amount and is only 
recently beginning to show more rapid rise and an approach to the 
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historic rate of increase of 7 percent per year. The important point, 
however, is that this is to be compared with an increase in annual ex- 
penditures for research and development of from 30 to 40 percent 
per year. 

In partial alleviation of this apparent imbalance between the rate 
of training and the rate of growth of science and technology, it might 
be noted that there are in the United States today a substantial num- 
ber of foreign scientists who are guests of our universities and who 
participate in programs, especially of basic research. This phenom- 
enon has apparently been on the increase. It is not enough to make 
up the difference, but it does add an interesting factor to the situation. 



Emerging Goals in Science Education 

Such studies and surveys as those of the Bureau of Labor Statistics 
are helpful in illuminating and making concrete the immediate situa- 
tion and the challenge facing our educational system in supplying 
the manpower for science and technology, in the coming years. They 
have, however, their limitations as we consider emerging goals in 
science education. They must deal with tangibles. They must deal 
with employment opportunities, with money appropriations, with 
trends which have been established over a sufficient length of time to 
have plausible continuity. 

It is in the very nature of science, however, that its growth points 
are unpredictable. There has been no time in the past when one might 
have foreseen the key developments which have had such enormous 
effect on the direction, magnitude, and influences of resulting develop- 
ments. No one expected Faraday’s discoveries to result in the power 
industry. The three-electrode vacuum tube was a plaything; it was 
hardly conceivable that it would lead to such enormous consequences 
for communications and for research. The splitting of the nucleus 
could hardly have been expected to have the manifold profound re- 
sults it has had in generating a whole new scientific and industrial 
realm. 

The goals for science in the future are, therefore, of necessity ob- 
scure. If anything may be thought to be fairly certain, it is that new 
and equally important developments are latent and implicit in the 
further developments of science. It is unthinkable that this phenom- 
enon of science has run its course. Indeed, the level of expenditure 
for research and development in our day, when research and develop- 
ment is one of the largest industries of our time, almost certainly prom- 
ises accelerated emergence of key concepts, ideas, and discoveries. 
They will emerge to find their places in the world of science and tech- 
nology and to generate new directions.of research and of applications. 
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Besides these trends inherent in the very nature of science and dis- 
covery, there are at least two other factors which will of necessity 
affect the goals of science in the future. One of these grows out of 
the increasing stresses produced by the accelerating growth of tech- 
nology itself added to the growth of populations throughout the 
world. 

The rate of consumption of natural resources, both renewable and 
nonrenewable in our country and around the world, has increased geo- 
metrically with time. Projections have been made by various authors 
and specialists as to the length of time that will ensue before these 
resources will be in short supply. There is no need here to quote these 
statistics. The picture is perfectly clear that in the not too distant 
future the curves of rising demand and dwindling supply will meet. 
Whether this occurs in 1970 or 1980 or in the year 2000 will depend 
on the particular commodity concerned and on the trends in technolog- 
ical developments. It will depend also for any one country on its 
access to world resources as well as its own. In any event, however, 
this matter will become increasingly a challenge. There is no doubt 
at all that this problem will provide one of the preoccupations of 
science and technology for the future. Involved will be the beneficia- 
tion of ores, the technology of miniaturization, the improvement of 
alloys and substitute materials, and all the possibilities of better utili- 
zation of existing resources. 

Another facet of the manpower problems of the future is the grow- 
ing interrelationship between science and technology and the environ- 
ment, whether human or physical. The growing complexity of in- 
strumentation is one example, since this involves in design in an even 
more intimate way the ma,n and the machine. This field of human 
engineering is of growing significance, requiring more intimate knowl- 
ed^ of technology by the social scientists concerned, as well as more 
understanding of human requirements and limitations on the part of 
the scientist or engineer designing the instrument. 

This IS only one of the many situations in which science and tech- 
nology must interrelate with the behavioral sciences. The design of 
highways now is increasingly a matter involving questions of land 
use, of urbanization, of themes of traffic flow, of social welfare, and of 
group psychology. 

The important fact is that the interplay of complex systems, both 
scientific and technological, as well as behavioral, presents complexi- 
ties which call for sophisticated research design, quantitative method 
and adaptation of research to many and variable problems which will 
swell the demand in the future for a new and different type of re- 
search personnel. 

Waraen Weaver, past president of the American Association for 
the Advancement of Science, expressed it this way in a letter to Eobert 
Monson and quoted by him in the fall 1961 issue of Daedalus: 
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I have a very strong conviction that the “new form of excellence” re- 
quired by science over the next half-century will in considerable part con- 
sist of techniques for dealing with broader problems, larger problems, prob- 
lems which arise when a moderate number (three to one hundred, just as 
a shot) of small problems are organically interrelated. 

One can start with very obvious and oversimplified examples. The day 
is past, I would claim, when science can properly treat food supply as an 
isolated problem, birth rates as another, public health as another. The 
whole body of servomechanism and feedback theory ; many of the techniques 
of operations research ; the emerging kowledge concerning information and 
communication theory — these are all groping toward the capacity to deal 
with problems of organized complexity. 

We have been great at producing bits of information, fragments of 
knowledge. We now need to devote more attention to the fitting together 
of these bits, to the broader interrelation, and hence to broader 
utilization. . . . 

We have to humanize science and give more general meaning and struc- 
ture — and even value — to it. 

Probably first among all the goals for science teaching which now 
seem increasingly important and which lack proper conceptualization 
is that of science for the citizen. The matter can be looked at from 
many points of view. On the one hand, there is the extraordinary 
importance of science in public and national affairs. In a democracy 
in which the citizen is the ultimate determinant of action through his 
ballot, there is a dangerous hiatus developing between some of the 
most important affairs of state and the understanding of them by the 
citizen. In the March 5, 1960, issue of the New Yorker, there occurs 
this paragraph as quoted by Weaver : 

These are bard times for the layman. He is thought no longer competent 
to work out his own opinions on many matters — even many that touch him 
intimately. His very survival has become the property of committees and 
the subject of learned arguments among specialists. He has little to say, 
poor fish, being largely ignorant of the information upon which plans for 
him are based. 

Obviously this can be applied to science — to fluoridation of water; 
to fallout ; to the role of chemical and biological agents in agriculture 
and in conservation; and to the control of food, drugs, and occupa- 
tional and environmental hazards. 

But the matter goes beyond this practical point. It is also a ques- 
tion of the spirit and character of our age. This is an age of science. 
Education is supposed, among other things and perhaps most im- 
portantly, to orient the individual to the environment in which he 
must live and work and find his enjoyments and satisfactions. Sci- 
ence and technology are today the main components of that environ- 
ment, whether one speaks of the physical environment or the 
intellectual environment. The average citizen today cannot be at 
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home in that environment if he does not achieve some degree of rap- 
port with it. 

It is not necessary that he be a physicist, a chemist, or an electronics 
expert. But he should know the nature of science and something of 
how it works, have some feel for and understanding of how a scientist f 
works and thinks, and eventually develop a decent respect for what • 
science can do and what it cannot do. 

He need not know how to assess the exact reliability of a given 
scientific study of the dangers of fluoridation of water, or of its lack 
of danger. He should know that science can estimate them, however, 
and that the result can give practical guidelines for practice. He need 
not know how to examine the age of a fossil, but he should know that 
reliable scientists do know how and can be trusted. He should in 
addition have some insight into the relevant methodology. 

What has been said here and other such ( 5 onsiderations have con- 
vinced many persons of the increasing importance of the secondary 
schools as a factor in the production of personnel in the scientific and 
engineering disciplines. 



Unused Potentials 

In the Office of Scientific Personnel there is maintained a roster of 
persons vdio have attained the doctorate degree from American gradu- 
ate schools over the past several decades. More recently it has been 
possible systematically to obtain information on the geographical and 
high school origins, as well as the undergraduate origin of these people 
who. have attained the doctorate degree. In plotting these results, 
interesting information has become available on the pattern of our 
educational system as it relates to personnel with advanced training. 
If one plots the percentage of high school graduates who have attained 
the doctorate degree in terms of the size of the high school as measured 
by the number of graduates per year, it becomes apparent that the 
size of the high school is an extremely important factor. A curve re- 
sults which starts almost at zero for high schools graduating from zero 
to 25 per year, rises very slowly for high schools graduating 25 to 50 
per year up to high schools graduating about 400 per year. Thereafter 
the curve stays approximately constant up to a size high school gradu- 
ating about 1,000 per year. Beyond' that point the curve rises more 
sharply, since among this category are some of the large selective and 
specialized high schools. 

It seems quite clear, therefore, that the small high school graduating 
fewer than 400 per year finds it difficult to provide the environment 
which can properly equip a student to enter college and proceed satis- 
factorily in college and then enter the graduate school for successful 
work. The smaller the high school, obviously, the less the student 
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seems to be conditioned to go on to successful work in specialized 
science and engineering. It may be that in educationally under- 
privileged high school students may be found one of our greatest 
"^unused potentials. 

Obviously, the greatest unused potential in the United States is that 
of women. This phenomenon is, of course, well known. Nevertheless, 
as one looks at the relative figures indicating the percentage of women 
in the scientific a id engineering areas in colleges and the gr'iduate 
schools, the disptrity seems to be more than significant. It would 
appear that in this area of the use of women, the greatest progress 
should be potentially possible. Those of us who have been in teaching 
at the secondary and college levels would, I am sure, agree that there is 
no fundamental reason why women cannot accomplish as much in 
these areas as can be done by men. It would also seem possible that 
special efforts to interest women students can be enormously successful 

and significant in the total picture of manpower resources of the 
Nation. 

Another serious problem that, in my estimation, needs emphasis 
is the tendency in our country to assume that training in high school 
and in college in the field of science and mathematics is primarily for 
those who intend to make a life career in these fields. There seems 
to be a tacit assumption that other students need no courses in these 
nelds or at best only watered down or descriptive courses. 

In the first place, tiiore are few people today who will not in one 
way or another either be affected in their work by technology; and 
should therefore understand it or will have to make decisions in which 
it is a factor. Even our functioning^as citizens in great national issues 
of a political nature more and more has some content of technology 
involved. Indeed, if education is the process by which an individual . 
becomes sympathetically aware of and develops an understanding of 
his environment, then the educated individual must realize that a 
larger and larger part of his environment is technological in nature. 

Secondly, a thorough pounding in the basic sciences may provide 
the opportunity for the individual at any time to change his career 
and professional goals if he so desires. Failure to include enough 
science and mathematics in his curriculum will most likely forever 
preclude him from turning in that direction later on. 

And in the third place, as was indicated earlier, many fields such as 
those of the behavioral sciences in the future will of necessity become 
more involved, and sometimes quite intimately, with some phases of 
science and technology. Even to have tiio opportunity to grow in 
some of these fields will depend on the degree to which the individual 
has mastered science and mathematics. 

This leads directly to the last point I wish to make which has to 
do with the guidance and counseling movement today. The impor- 
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tance of guidance and counseling is being recognized at the national 
level more and more clearly by educators and, indeed, by political 
leaders and many others who have perception of the problems of edu- 
cation and interest in it. I would hope that at the State level the per- 
sons responsible for guidance and counseling activities would work 
very closely in the use of the guidance and counseling movement for 
strengthening training in mathematics and the sciences in the elemen- 
tary and secondary schools. It is my impression that in many schools 
there is a tendency to delay decision as to the ultimate career intentions 
of the individuals until such time as they have “had the opportunity 
to see” available possibilities and to make appropriate career decisions. 
In general this has a certain amount of appeal. However, if it means 
that in the meantime the individual neglects relevant prerequisites, 
he may find that when he comes to the most important decision he has 
precluded many possibilities. It would also seem to me highly im- 
portant that those involved in the guidance and counseling movement 
understand the significance of science as an element in a broad liberal 
education appropriate for life in the modem age. 
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ljURINGr THE PAST 10 years more man-hours have gone into proj- 
“ ects having to do with the improvement of science education in 
the schools of America than during any previous 50-year period in 
the history of education in this country. The primary motivation for 
such a phraiomenal effort has been to increase both the quantity and 
quality of our scientific manpower resources. Although there is sub- 
stantial evidence that the effort is beginning to pay off, the task is far 
from being completed — -if, in fact, it will ever be completed. 

The problem of improving educational practice is a persistent one. 
Because of the multiple variables involved in the educational process, 
the problem will never be completely solved. To complicate the prob- 
lem further, these variables interact between two dynamic enterprises, 
science and a free society. 

We must not make the complacent assumption that the new science 
courses and the intensive effort that has been made to upgrade the 
backgrounds of science teachers has or will ultimately raise the level 
of science teaching to where we, and those who follow us, will hope- 
fully expect it to be some day. As happens in scientific advancement, 
each step forward in our understanding of the educational process 
opens up new problems. Each new problem must be dealt with in our 
efforts to improve the efficiency of educational practice. The point 
I am trying to make is simply this : science teaching will be improved 
only as long as we persistently work at it. There will never come 
a time when we can sit back and say, “The job is done”. 

Whereas the primary goal of our recent all-out effort to improve 
science education has been focused upon the education of the future 
scientist, we should not become so prepossessed with this extremely 
worthy goal that we lose sight of the masses who must also be 
educated in sciraice. These are the folk who will never become scien- 
tists. They will become the lawyers, the schoolteachers, the school 
administrators, the clergymen, the businessmen, the housewives, the 
farmers, the cattlemen, the watermen, the truckdrivers, and the mer- 
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chants. Although they will not contribute directly to scientific prog- 
ress, many of them will be making decisions which indirectly affect 
science and the ways in which its discoveries are applied to human 
welfare. Each of them will seek to live a reasonably orderly and 
satisfying life in a society that is being increasingly influenced by 
science. All will be called upon to modify onetime respectable con- 
cepts which advancements in science will inevitably render untenable. 
It is clear that science must become an integral part of the education 
of all from the elementary school through college. 



Science in the Curriculum 



I am certain that the science curriculum builders in every State 
have assumed that it is their responsibility to build for all students 
science curriculums that are sequential and developmental from the 
ekmentary school through the secondary school. But before anything 
of real significance will result from this commitment, we will need to 
take a hard look at our points of view regarding objectives, the learn- 
ing process, and evaluation in science teaching. 

As educational leaders we have developed a laissez faire attitude 
toward certain practices which should be vigorously challenged. The 
most critical of these is the manner in which curriculum workers, 
course-of-study makers, and teachers have dealt with objectives of 
^.lence teaching. I have yet to see a curriculum or a course of study 
developed by educators that did not have in its preamble a well- formu- 
lated list of objectives. This is as common as the American flag in 
every school. In fact, the statements of objectives are frequently as 
^ilar as American flags, and, like flags, they come in different sizes. 
There are long lists, medium-sized lists, and short lists— but all reflect 
the same basic statements of objectives that have been in the pro- 
fessional literature for the past 30 years. I have no quarrel with this 
practice as far as it goes — in fact, I am disturbed by those who develop 
science courses without stating clearly the objectives which the courses 
are to achieve. But when I reflect upon my disturbance about such 
malpractice, I am impressed by the possibility that those who develop 
their courses without first paying allegiance to the sacred objectives 
are intellectually more honest than those who go through the formality 
with little or no intention of letting the objectives get in the way of 
their developing a course or curriculum in keeping with the conven- 
tional patterns. Nor does there seem to be any predisposition to fol- 
low through with teachers to make certain that they understand the 
objectives and reflect them in their teaching. 

Let me ^ve you an example of what I mean. The “critical think- 
ing” objective and the “understanding of basic concepts” objectives are 
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two common denominators in practically every list that I have seen, 
^y may be stated in different ways but you’ll find them there. 
TOen you examine some courses of study you find that the range of 
their content is of such an order that to cover it in ways that will 
develop understanding to any reasonable depth is impossible. When 
you examine the suggested learning activities it is difficult to identify 
clearly ^critical thinking” as one of the outcomes. 

How are these objectives reflected in classroom practice? Inves- 
tigators ^ have found that teachers either do not accept these objectives 
or they do not comprehend them and, consequently, do not provide 
for them in their teaching. 

Closely allied to the laissez faire point of view about objectives is 
an all-too-common point of view about learners and the learning 
pxxjess. Not long ago I took part in a discussion of what to do with 
the slow learner or the nonleamer in science classes. One member of 
the group commented that in his school they did the only thing that 
wuld be done with slow learners. They sifted from the standard 
biology course a few simple facts that were pertinent to the well-being 
of the students (such as the number of times the normal heart beats 
per mmute) and drilled the slow learners with these facts. In this 
way he felt that science teachers were meeting their obligation to do 
something for the slow learner. This incident illustrates an all-too- 
common attitude about learners and the learning process in science, 
that of filling the mind with facts. In turn, this all-too-common 
practice reflects a concept of mind that is no longer tenable. 

Directly related to their points of view with regard to objectives 
and learning is the attitude wWch practitioners take toward evalua- 
tion. As long as achievement in science is judged primarily in terms 
of verbalization of definitions and factual material, any discussion 
of or planning for the accomplishment of the more significant objec- 
tiv^ of science teaching will be largely a waste of time and effort. 

To elaborate further about the imponbance of curriculum builders’, 
supervisors’, and teachers’ giving more serious consideration to objec- 
tives, learning, and evaluation, I would like to extend discussion of the 
two objectives of science teaching referred to earlier. 



Concepts and Processes 



It would seem there is still general agreement that a good science 
program should result in an understanding of certain basic concepts 
of science, on the one hand, and the processes of science or methods of 
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critical thinking, on the other, and, furthermore, that concept and 
process are inextricably .related in the scientific enterprise. This 
means that scientific conceptions have not been made known to man on 
tablets by some supematura’, universal authority, but rather have 
been wrested from nature by man through the persistent application 
of the intelligence with which he has been endowed. By this labori- 
ous process man has come to his present understanding of the world 
of nature. 

Insofar as the concept-process purposes relate to teaching and 
learning science, correspondence with the scientific enterprise is 
striking. The research on learning has shown quite clearly that no 
one, not even a science teacher, can give another person an idea — a 
concept. He must think his way to the idea if it is going to become his 
concept. When I say “his concopt” I mean just that. It becomes 
his personal possession only whvm it becomes amalgamated within 
conceptual schemes and patterns, which are ever emerging in the 
unique thought contexts of the individual. This amalgamation occurs 
through a critical thinking process whereby the individual actively 
applies the intellect with which he is endowed. This is another way 
of saying that the learner must get meaning out of that which he is 
taught if it is to be learned, that meaning develops from experiences 
that get the learner involved in critical thinking. The old cliche, “We 
learn by doing,” should be revised to read, “We learn by doing 
when we are thinking critically about what we are doing.” A common 
reaction to this point of view is that we don’t have time for the learner 
to discover everything on his own. My belief is that he’ll never learn 
it in any other way. 

Recall the research of Powers® in which he found that merely 
because students can verbalize concepts in chemistry, we cannot assume 
they understand these concepts. In fact, he found that a relatively 
small proportion of the good verbalizers of chemistry possessed an 
understanding of chemistry as it was conventionally taught. 

This research, coupled with that of Tyler ® and Downing,* * would 
seem to indicate that much of what has gone on in science classes was 
a tragic waste of time and effort. Tyler found when science students 
were taught with emphasis upon verbalism (learning definitions and 
specific facts for recall) that one year after the science course they 
had forgotten about 80 percent of what they knew at the time the 

* S. B. Powers. “The Correlation Between Measures of Mental Ability and Measures of 
Achleveaent In Chemistry. School Science and MathemaUce, 28:981-986, December 
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Ohio State University, 9 :490-492, Nov. 19, 1930. 
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course was completed. On the other hand, when students were taught 
to think their way to an understanding of selected principles of science, 
their retention curve did not drop off but went up during the year 
following completion of the course. In several studies conducted 
under Downing’s direction, it was found that not more than about 
eight principles of biology could be learned with understanding by 
high school students in 1 year. 

As far as I know, the findings from these studies have not been 
refuted by subsequent studies in science teaching. Therefore, if we as 
specialists in science teaching believe that decisions about what to teach 
in science and how to teach it should be based upon experimental evi- 
dence, we are morally and ethically committed to work for a major 
reconstruction of science curriculums and a drastic reorientation of 
classroom practices. In fact, if we took this evidence seriously there 
would bfe radical changes made in science teaching. 

We need to rethink the process or critical thinking objectives of 
science teaching in terms of their validity and methods by which they 
may be applied more effectively in helping students come to a better 
understanding of the basic concepts of science. We need to reexamine 
the conceptual structure of science and identify the basic concepts. 
We need to design and use evaluation instruments that measure 
achievement in understanding scientific concepts and in using the 
processes of scientific thinking. 

Basically, we need to be more concerned about the ways in which 
all young people are going to be different as a result of their science 
experiences in the curriculums which we build. They should attain 
not only a better comprehension of the conceptual schemes which 
scientists have developed in their magnificent efforts to explain natural 
phenomena but also a better understanding of how these concepts have 
affected the personal, social, economic, and political lives of people. 
They should develop not only a better understanding of the processes 
of inquiry as used by the scientist but greater competence in using this 
process of inquiry, and consequently becoming more self-directive in 
their learning. Finally, they should become motivated, in higher pro- 
portions than is currently the case, to sustain intellectual interests 
after their formal schooling is completed. 



Influence of Society 

In the last chapter of the Sixtieth Yearbook of the National Society 
for the Study of Education,® Dr. Kalph W. Tyler summarizes the 
earlier chapters in the Yearbook having to do with social forces 



* National Society for the Study of Education. Sixtieth Yearbook : Bocial Force$ Influ- 
encing American Education, Part II. Chicago : Unlreraly of Chicago Preu, 19S1. 



36 



SUPERVISION FOR QUALITY EDUCATION IN SCIENCE 



influencing American education. In pointing up the interrelatedness 
of the political system and education, he states : 

The survival of our political system requires educated citizens and 
specialized personnel, not simply trained in the knowledge of the past, 
but adequate to the current rapidly developing world situation. Hence 
the political system must for its survival press the educational system to 
change. Schooling will have to become an introduction to learning-how-to- 
leam, so that intellectual interests can ‘be sustained through life. 

. . . The political system can properly demand of the educational system 
that the schools teach the basic skills and knowledge essential to function 
in a free society ; that they transmit the general knowledge that comprises 
the cultural tradition of the civilizati(^n and the specific knowledge that is 
necessary to function as a member of the society and as a citizen of that 
political system; and that they develop skills in problem solving and in 
leaming-how-to-learn. 

It is imperative that science in American schools, along with other 
subjects in the K to 12 sequence, fulfill the demand of a free society 
for citizen graduates who are not only motivated to continue their 
intellectual development but possess the essential skills. It would 
seem to me that our progress toward this as a central purpose of 
education for all young people has been less clearly demonstrated 
than has our progress toward meeting the needs for scientific man- 
power. 

I would recommend the reexamination of the points of view and 
recommendations of such science improvement projects as were car- 
ried on by the Bureau of Educational Research in Science ® and the 
Eight-Year Study."^ These projects were more clearly oriented 
toward the personal-social implications of science than appear to be 
reflected in most of the current science improvement projects. The 
earlier projects were concerned with ways in which science could 
be used to change the behavior of young people in personally satis- 
fying and socially desirable ways. They were concerned with the 
scientific literacy of all young people. It was indeed ipif ortunate that 
the points of view represented by these programs were not as exten- 
sively applied nor as intensively tested as hopefully the current 
developments will be. 
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Improvement Projects 



The December 1961 issue of Science Education News^ was given 
over to brief reports on science improvement projects that have been 
undertaken during the past several years with major financial support 
from the National Science Foundation, Ford, and Carnegie. Two 
projects in elementary science (University of Illinois, Urbana; and 
University of California, Berkeley) and four in secondary school 
science (Biological Science Curriculum Study, University of Colorado, 
Boulder ; Chemical Bond Approach Project, Earlham College, Rich- 
mond, Ind. ; Physical Science Study Committee, Educational Services, 
Inc., 164 Main St., Watertown 72, Mass.; and Chemical Education 
Material Study, Harvey Mudd College, Claremont, Calif.) are prob- 
ably best known nationally. In back of the elementary science proj- 
ects was the feeling that the present courses of study, textbooks, and 
other materials in elementary science do not reveal adequately the 
methods and goals of basic science. The secondary school science 
studies were motivated by a concern regarding the fragmentary, 
descriptive, and technological nature of the conventional high school 
courses in biology, chemistry, and physics. The studies were designed 
to reduce each science field to its basic structural, concepts and to 
develop materials for teachers and students to use in the schools. 
Scientists have played a major role in the development of these 
projects. 

In several ways these projects represent breakthroughs in the 
development of materials and courses. Rather than merely revising 
present courses or working over classical learning activities, as had 
often been done in the past, each project took a fresh new look at what 
should be taught and how it should be taught from a scientist’s point 
of view. Rather than merely developing point-of-view statements, 
lists of objectives, and generalized guidelines "for curriculum workers 
and teachers, each project got down to the extremely difficult and time- 
consuming task of developing specific learning experiences for 
teachers to use with their students. Rather than merely assuming 
that these learning experiences were suitable, extensive programs were 
instituted for trying them out in schools and using the evidence thus 
obtained as basis for making revisions. Rather than assuming that 
the dated and variable subject matter preparation of teachers and the 
teaching methods which they had learned to use could somehow see 
the teachers through the new courses, they developed intensive pro- 
grams for the reeducation of teachers to do the specific tasks which 
the new courses demanded. 

•smenee Education Newt, December 1061. Published Quarterly by the American Asso- 
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From what I have seen of these science improvement projects, they 
represent still other worthy breakthroughs in the development of ma- 
terials for instruction. To the fact-happy teacher and testmaker they 
have clearly demonstrated the relative significance of science facts 
and major scientific concepts in teaching for an understanding of 
science. To the ground-covering teacher and testmaker they have 
effectively documented the significance of pupil involvement in 
processes leading to concept formation and an understanding of the 
methods of scientific inquiry. 



Three Matters of Concern 

There are three matters regarding these science improvement proj- 
ects which give me some concern. First, I am concerned about their 
exclusive commitment to uasic science. It would seem that many of 
the^ proponents are more strongly antitechnology than probasic in 
their passion to be “pure.” This may be a natural reaction to science 
courses, both at the elementary and secondary school levels, that had 
become almost exclusively applied science with only descriptive and 
empirical explanations. As a science educator who lived through the 
exciting ferment of the 1930’s, my thinking about science teaching has 
been both stimulated and challenged by these reactionary or radical 
purists. I am not ready to write them off. Neither am I prepared to 
write off either the idea that science should make a difference in the 
lives of young people or the convincing evidence that the manmade 
environnient of such phenomena as spaceships is in many ways more 
challenging to young people than phenomena more exclusively cate- 
gorized as the natural environment. To deal with science unrelated 
to or insulated from the lives of young people would leave much to be 
desired. To deal with science exclusively from a consumer point of 
view would be equally disastrous. For the masses of students we 
must have both. As Shamos^ has pointed out, we should help the 
student distinguish between the basic and the applied science whenever 
and wherever we deal with both ; we should not leave the misconception 
that technology and science are synonymous. 

The second matter related to the science improvement projects is a 
concern about the extent to which the new secondary school courses 
are adaptable to the ability, interests, and needs of all students in the 
high schools. Answers to this one will be coming from field tests in 
schools. 
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Not unrelated to this question at the high school level is the ferment 
that is beginning to effervesce regarding science courses for nonscience 
majors at the undergraduate college level. One type of reaction is 
represented by this news release : 

The science requirements for college undergraduates who are not major- 
ing in science were sharply attacked last week at a national conference of SO 
scholars at Michigan State University, Oakland Branch, in Rochester, Mich. 
The experts recommended that every, college student, regardless of major, 
should be required to take at least 2 full years of “hard-hitting” science 
courses. 

The “hard-hitting” label was used in opposition to special “separate but 
unequal” courses often devised specifically for nonscience students. The 
conferees thus rejected such courses that were advocated and made nation- 
ally popular by the report, “General Education in a Free Society,” pul>- 
lished by Harvard University in 1956. A Harvard scholar, Dr. Gerald 
Houlton, professor of physics, led the attack on easier courses “about 
science” for nonscience xmdergraduates. 

Dr. Alan T. Waterman, Director of the National Science Foundation, urged 
the colleges to learn from the lesson of the countrywide reforms that are 
currently improving the high-school science curriculum. 

“It would be interesting to see what would result from a similar attack 
in depth upon the problem of a suitable science curriculum for the [college] 
nonscience major,” he said. Several conferees urged the Science Founda- 
tion to support smaller local projects to prepare new course structures, prior 
to any such comprehensive national programs.^“ 

Statements such as the one quoted above indicate that there is much 
unfinished business when it comes to answering the question regard- 
ing what should be the nature of science courses for the citizen who 
is not planning a career closely allied with science. Some of us were 
foolish in assuming that we had this one answered 30 years ago.” 
I hope that those who are working up the answers now will not make 
the same untenable assumption. 

The third matter related to the current improvement projects is a 
question of how these efforts will be incorporated into a K to 12 
developmental sequence in the schools. Neither of the two elemen- 
tary science projects referred to earlier deals with an overall elemen- 
tary science curriculum. However, the learning materials developed 
in these projects are being tried out at each of several grade levels 
as a means of determining possible grade placement. None of the 
new high school science courses has been conceived within a develop- 
mental sequence, even at the high school level. , Furthermore, there 
has been no major study of what the nature of the sequence should be 
at the junior high school level. 

Several proposals for studies of sequence have been made, and I am 
presently associated with the development of two new ones. Studies 
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of this magnitude will be charting relatively unexplored territory for 
the crews that must be involved. Even though some of the K to 12 
territory has been charted before, the new crews will find it de- 
sirable to begin afresh. It is quite probable that several routes may 
be charted, depending upon the number of different crews who under- 
take the voyage. However many it may be, it is extremely important 
that some clearly defined purpose or objective be identified and that 
plans be made early in the various studies to evaluate relative prog- 
ress toward their achievement. 



Need for a Pattern 

It would seem that we have now reached a place where the “cut- 
and-fit” approach to curriculum development in science needs a pat- 
tern to follow. We need to design and try out several K to 12 cur- 
riculum patterns so that the parts that have already been cut and 
new ones yet to be cut can be fitted into a rational whole. Some may 
hold that the basic design of this pattern should be uniform for all 
American schools. Others may contend that a minimum uniform 
basic design should be developed and that local communities and the 
various States modif ■» they see fit. Still others believe that several 
“good” patterns shoulu be developed and tested in the schools. The 
relative success of the various patterns should be evaluated. Based 
upon evidence obtained in this way, schools should be free to adopt 
whichever pattern best fits their needs in terms of the evidence. Re- 
gardless of which of theise or any other plan you may support, it is 
imperative that we develop some rational designs and test them under 
conditions which permit objective comparison. 

Those who, within the recallable past, have worked upon a K to 6,* 
K to 9, or K to 12 curriculum in science can appreciate what a pro- 
duction it is merely to get some ideas on paper. The job becomes in- 
creasingly complex to get teachers to try it out and submit reactions. 
It will be a monumental undertaking to develop evaluation instru- 
ments and .design a study to determine objectively the relative success 
of several K to 12 curriculum patterns. But it must be done before 
we can ever begin to make defensible decisions based upon experi- 
mental evidence. 



Teacher Preparation 



There are two primary implications of the nresent great national 
interest in science and the improvement of our scientific effort. One 
is to get on with the job of building K to 12 science curriculums for 
the schools which not only have a scientifically rational sequence but 
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are developmental in terms of concept and process goals based upon 
the needs, interests, abilities, and visions of all young people at each 
succeeding grade level. The second is to prepare teachers to do the 
job that will be demanded by the new curriculums, for ultimately it 
is the teacher who will make the dilference. 

The preparation of science teachers must begin in the high school. 
It must begin with science teachers who are interested in science teach- 
ing and who zealously proselyte their very best students for science, 
teaching. It must continue into the college where special attention 
is given to “feeding and fanning” the convert through courses and 
other experiences which have been tailormade for the future science 
teacher. Upon his being graduated, the college which spawsied the 
“fry” and the school in whose “waters” he finds himself must work 
together in helping him find his way. 

In Hurd’s excellent article on the education of biology teachers, 
he is highly critical of the conglomerate nature of college programs of 
science study for prospective science teachers. He also questions the 
effectiveness of general courses in methods of teaching as preparation 
for science teaching. He recommends the eight guidelines as pre- 
sented in the joint report of the American Association for the Ad- 
vancement of Science (AAAS) and the National Association of State 
Directors of Teacher Education and Certification (NASDTEC)^® as 
a beginning point for institutions of higher learning where faculties 
are truly interested in improving their patterns of education for high 
school science teachers. 

Until colleges and universities redesign or overhaul their teacher 
education programs, there will continue to be great need for the in- 
^rvice education of science teachers. In each of the course improve- 
ment projects referred to earlier, the inservice preparation of teachers 
has been a major part of the project. To date, institutes sponsored 
by the National Science Foundation to upgrade and update the science 
backgrounds of teachers have enrolled a total of more than 30,000 
science teachers. Many science teachers have attended several dif- 
ferent institutes. There is little question but what these institutes 
have had an impact upon science teaching. However, tho extensive- 
ness of the impact is yet to be evaluated on any broad bas^>. 

Gruber conducted a study of 55 high school science and mathe- 
matics teachers who attended an academic year institute daring 1957- 
58 at the University of Colorado. He found that the program’s 

® Paul DeH. Hnrd. “The Edncatlon of Secondary School Biology Teachers.” Biolofftcal 
Sconce Ourrioulum Study (B808) Newsletter, 13 : 7-10, May 1962. 

“ National Association of State Directors of Teacher Edncation and Certification 
(NASDTEC) and American Association for the Advancement of Science (AAAS). Guide- 
lines tor Preparation Programs of Teachers of Secondary School Science and Mathematics. 
Washington : the Association, 1Q61. 

" Howard B. Gruber. “Science Teachers and the Sdentlfie Attltnde : An Appraisal of 
an Academic Year InsUtate.” Science, 132 : 4C7-468, Ang. 19, 1060. 
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maiin weakness was its failure to transmit attitudes and information 
relevant to teaching science, not as a body of knowledge, but as a way 
of thinking. 

The planning of institutes for science teachers has largely been the 
responsibility of college scientists based upon their limited conception 
of what high school science teachers need. It would seem more ap- 
propriate that institutes be planned cooperatively by the people from 
the schools where the needs exist and people from the college or uni- 
versity that hfl/S the potential resources for meeting the n^ed. Further- 
more, the effectiveness of the unique institutes thus developed could 
be evaluated in terms of measured changes that took place in the 
schools. I believe that such a cooperative attack upon the problem 
at the State level would pay high dividends. 
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II. Science in the Curricuium 

Earth Science in the Curriculum 

Robert C. Stephenson 

Executive Director 
American Geological Institute 



Today the earth is being rediscovered by scientists who are 

finding the complex and tantalizing unsolved scientific problems 
of the earth a match for the most sophisticated levels of instrumenta- 
tion and thinking which scientific minds are currently able to marshal. 
Natural scientists of the 19th century were tremendously interested in 
the phenomena of the environment in which they lived, and these men, 
through their observations and investigations, laid the foundation for 
the development of modem science. Within the past decade, how- 
ever, there has been a rebirth of scientific interest in the earth and its 
environs which has grown out of new understandings of the basic 
concepts of science and out of rapidly developing and varied kinds of 
instrumentation which open the door to more exacting research studies 
of earth phenomena. The roots of this renaissance of earth science 
are found in the era of intensive geological and geophysical explora- 
tion for mineral resources during and following World War II. 
Additional impetus has subsequently come from nuclear developments, 
the International Geophysical Year, and the advent of the space age. 

Just as the study of the earth by scientists has gone through a cycle, 
the study of earth science in the school classroom has also gone through 
a cycle and is now on the crest of a growing wave of interest in school 
science curriculums across the Nation. 

At the turn of the century, geology or physical geography was one 
of the more common science offerings in the high schools, but as 
biology and general science emerged, this course of study all but 
disappeared from school science programs across the land. Sputnik I 
has been widely used as the datum of reference of the science educa- 
tion revolution in the United States. It is significant to point out that 
New York State was well on its way toward a statewide earth science 
course when the Russians lofted the first manmade satellite. New 
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York State had experimtiited with the course and adopted its first 
earth science syllabus ^ by 1966. 

Science educators and scientists were watching the New York effort 
with a great deal of interest, so that when the Pennsylvania Teaching 
Cruide for the E arth and Spouse Science Course ^ appeared in 1969, 
some States had already started introducing new earth science mate- 
rials into science offerings at various levels. 

"I he Pennsylvania earth-space teaching guide was developed by a 
group of geologists, astronomers, and meteorologists working with 
the^ Pennsylvania Department of Public Instruction. Because of the 
active participation of qualified scientists in its preparation, the guide 
set a new standard of subject matter content. Special recognition for 
the development of the earth-space teaching guide should be given to 
Dr. Clarence H. Boehm of the Pennsylvania Department of Public 
Instruction and to Dr. John H. Mo^s, Department of Geology, Frank- 
lin and Marshall College, who served as chairman of the Advisory 
Committee. 

The introduction of the earth-space science course in Pennsylvania 
served as ..he detonator for an explosive development of earth science 
in schools across the Nation. A survey conducted 1 year ago by a 
major book publisher indicated that 24 States had or were planning 
earth science courses or units, mostly at the ninth-grade level. Per- 
haps today there are even more. Certainly there are many local school 
systems or county units which have instituted earth science courses 
without reference to a statewide program. 



What Is Earth Science? 



It is difficult to find earth science defined. Two of the major 
secondary school earth science texts fail to define it in accompanying 
glossaries. It has not been defined in the Geology and Earth Sciences 
Sourcebook? Only in the newest edition of Webster (3d unabridged) 
is earth science defined, and then as follows ; “A science (geology, geog- 
raphy, geophysics, geomorphology, geochemistry, meteorology, or 
oceanograph}^) that deals with the earth or one or more of its parts, 
often u^d in the plural.” With all due respect to the authoritative 
source in which this definition occurs, it is poorly conceived, and it is 

not completely compatible with the commonly held concept of scientists 
in general. 



Now York State Education Department, Ewrth, BoUnoe Bullaiua and Earth Bctence 
HaT^book. Albany, N.Y. : the Department, 1955 and 1961, respectively. 

Department of Public Instruction. Teaching Ouide for the Earth and 
Bpwe BoUmce Oouree. Harrisburg, Pa. ; the Department, 1969 . 

l^bert L, HellM, ed. Geologg and Earth Bdencee Bouroeiook for Elementary and Beo- 
ondary BehooU. New York : Holt, Blnehart ft Winston, 1962. 
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Earth science deals with the scientific phenomena of the earth and 
Its environs in space and is composed of a family of interrelated fields 
of science including geolo^, geophysics, oceanography, meteorology, 
and astronomy. Earth science deals with a scientific system composed 
of the lithosphere, hydrosphere, atmosphere, and space. The tools 
and rules of chemistry, physics, and mathematics are essential to the 
study of the earth sciences. 



Why Teach Earth Science? 

The earth sciences contribute greatly to the understanding of the 
physical and biological environment of man. If education people are 
to deal with the broad social and economic problems of their environ- 
ment, they must understand the underlying and controlling factors. 
Burgeoning population, rising standards of living, and dwindling 
nonrenewable resources are three trends which appear to be on a 
collision course. Future generations are going to feel the impact of the 
TOlhsion of these trends, and they must be equipped with adequate 
basic scientific understanding to deal intelligently with the problems. 

There is another facet to earth science which should be mors fully 
developed in the education of our population. There are esthetic 
qualities in many phenomena of geology, meteorology, and astronomy, 
the enjoyment of which can be enhanced by an understanding of the 
underlying scientific concepts. 

the earth sciences affords excellent opportunities to 
di^ipline the mind. Rarely do phenomena of the earth sciences fit 
into tidy little boxes; so to investigate them and to understand them, 
one must develop an intuitive ability for arriving at reasonable an- 
swers with limited factual infonnation. Although our body of scien- 
tific knowledge and our instruments of measurement with which to 
attack problems of the earth sciences have been greatly improved in 
recent years, this approach is still vitally important. Thinking 
g^logically, for example, involves not only consideration of three- 
dimensional models, but in most instances a complicating and often 
frustrating fourth dimension — ^geologic time. 

This training of the mind that study of the earth sciences affords 
can be valuable in the development of the reasoning abilities of any 
intelligent, educated person, so that study of the concepts and phe- 
nomena of earth science can play a significant role in the intellectual 
development of any individ u al. 
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Grade Levels for Earth Science 

Earth science subject matter can be introduced into school science 
programs at all stages from K through 12. 

A great deal of factual, introductory material about the earth and 
the solar system can be effectively and successfully taught in elemen- 
tary school classrooms. Children are eager to learn about their en- 
vironment. Many a fourth-grader has a better knowledge of 
elementary astronomy than does the average adult. Rock, mineral, 
and fossil collecting is an avid pursuit of many boys and girls of 
elementary school age. At the elementary school level, however, com- 
prehension of earth science as an integrated body of knowledge is 
beyond the capabilities of most students. 

The ninth grade appears to be the ideal level for the introduction of 
a full course in earth science. There are several rather apparent 
reasons for this : 

1. Revised science curriculums have pushed the general science type of 
course downward into the, elementary grades leaving a gap at the ninth- 
grade level to be filled by a more sophisticated science course. 

2. Most students, by the time they have reached the ninth-grade level, have 
acquired the necessary reading ability required for the amount of reading 
needed to master basic earth science subject matter. 

3. Earth science taught by well-prepared teachers can serve to illustrate 
the interdependence of the various basic sciences in the study of scientific 
concepts and processes of the earth and its environs. 

4. A rigorous earth science course can stimulate interest of students in 
.methods of scientific inquiry and investigation essential to successful mas^ 
tery of subsequent basic science courses. 

Earth science is being introduced in some States as a semester course 
at various grade levels from 7 to 10, or as short units in general or 
physical science courses. At the best, such a cursory treatment of 
the vast amount of subject matter involved will be shallow and gen- 
eralized. Such courees will not contribute greatly to the scientific 
education of college-oriented students and may be a waste of time 
except as a watered-down terminal science course for students of less 
than college capability. 

In some school systems, a 12th-grade course in geology or one of 
the other earth sciences may be offered to students who have completed 
courses in biology, chemistry, and physics. Such courses can be of 
college caliber. 

Subject Matter 

There is a need to consider the sequential nature of earth science 
subject matter. For example, much of what is now taught in begin- 
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ning geology coui-ses in college is not beyond the comprehension of 
upper elementaiy school children. Certainly many basic facts of 
g ogy and elementary information concerning the classification of 
rooks, minerals, and fossils are not beyond the reach of the average 
elementary school Student. ^ 

At the ninth-grade level, emphasis should be on concepts and prob- 
lems rather than the assimiliation of predigested facts. The Geology 
oM Earth Scierwes SourcehooJe stresses concepts and devotes con- 
siderable attention to unsolved geologic problems. There are many 
opportunities to introduce mathematics, biology, chemistry, and phys- 
ics in the teaching of earth science, and greater effort should be made 

u ninth-grade earth science coui-se should include 

a solid laboratory program. The course will be most effective if it 
includes field trips and classroom instruction relating to actual phe- 
nomena of the immediate geographic area. The balance between the 
various subject matter areas may vary from course to course. In 
i'ennsylvania the following balance is suggested : 

introduction Weeka 

The Changing Earth _ 1? 

The Earth in Space _ 

Weather and Climate 

The Oceans ^ 

There are abundant opportunities for independent ^Tng and in- 
vestigation for the advanced student. 

Secondary schwl earth science texts currently available are for 
the most part quite traditional in their approach. There is a need 
tor a great deal of imaginative creative effort on the part of earth 
scientists to raise the level of earth science subject matter to the level 
of the ability of the students taking the course. 



Teaching Resources 



Since earth science has not been taught in most schools over the past 
V ral decades, there has not been very great incentive for the develop- 
ment of various kinds of learning aids. With the rapid development 
of mterert m earth science, the need for oiganized teaching resources 
IS one of the greatest current needs. 

Wore should be a new look at textbook requirements in the field. 

iu scientific developments in the area of 

^«rth scumces and in part to the new level of sophistication in 
s^claiy ®hool ^lenco as a result of the massive course improvement 

laboratory manuals, laboratory and classroom experimentati™ and 
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